Epitaxial layers of InSb have been grown on InP and GaAs substrates by molecular beam epitaxy. The dependence of the epilayer quality on flux ratio, Jsbr/Jzn, was studied. Deviation from an optimum value of Jsb,/Jzn (-2) during growth led to deterioration in the surface morphology and the electrical and crystalline qualities of the films. Room temperature electron mobilities as high as 70,000 and 53,000 cm2/V-s were measured in InSb layers grown on InP and GaAs substrates, respectively. Unlike the previous results, the conductivity in these films is n-type even at T = 13 K, and no degradation of the electron mobility due to the high density of dislocations was observed. The measured electron mobilities (and carrier concentrations) at 77 K in InSb layers grown on InP and GaAs substrates are 110,000 cm2/V-s (3 x 1015 ~r n -~) and 55,000 cm2/V-s (4.95 x 1015 ~m -~) , respectively, suggesting their application to electronic devices at cryogenic temperatures.
'
In order to study the electrical properties of these materials as well as to explore their suitability for integration with devices based on various different semiconduc- In this paper we report on our studies on the heteroepitaxial growth of undoped InSb layers on InP (-11 percent mismatch) and GaAs (-14 percent mismatch) substrates. We have not used any special techniques to control the propagation of dislocations generated by the lattice mismatch, such as the incorporation of a strained-layer superlattice buffer, use of a misoriented substrate, or in-situ and ex-situ annealing.
MOLECULAR BEAM EPITAXIAL GROWTH
Heteroepitaxial InSb layers were grown on undoped GaAs and Fe-doped InP Figure 1 shows the surface morphologies of InSb films (1 pm thick) grown on (100) ~l i P substrates with different partial pressure ratios PSb4 /Pm, as observed under a Nomarski phase contrast microscope. Specular surfaces are obtained in the sample grown with a partial pressure ratio of -6 ( Fig.l(a) ). With excess Sb4, a slightly hazy surface is obtained ( Fig.l(b) ). On the other hand, lack of Sb4 leads to a rough surface ( In order to investigate the microcrystalline quality of these films, we have made x-ray diffraction measurements using a conventional x-ray diffractometer Jsb,/Jln flux ratio (-2) where the x-ray linewidth becomes minimum, and the intensity becomes more than that of the substrate, as shown in Fig.3 . Deviation from this optimum point leads to an increase in x-ray linewidth, indicating a deterioration in the crystal quality. Fig.4(a) are the temperaturedependent Hall mobilities measured in a 10 pm thick unintentionally doped InSb layer grown on InP under the optimum growth condition discussed earlier. The measured mobilities are 70,000 and 110,000 cm2/V-s at 290 and 77 K, respectively. It may be noted that the electron mobility steadily increases as the temperature is lowered from 300 to 77 I(. The electron mobility in this temperature range in bulk InSb is predominantly limited by electron-hole scattering due to the very heavy hole mass (-30 times the electron mass). [7] Below 100 K, it is evident that the mobility is very weakly limited by impurity scattering because of the small electron mass. The behavior of the carrier concentration as a function of temperature (Fig.4 (b) ) is characteristic of n-type materials, and the increase in nH 
RESULTS AND DISCUSSION
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IV. CONCLUSIONS
We demonstrate the heteroepitaxial growth of high-quality InSb layers on GaAs and InP substrates by molecualr beam epitaxy without the electron mobility degradation and the carrier freeze-out at low temperatures. The flux ratio, Jsb,/Jl,,, plays a crucial role in determining the surface morphology,the microcrystalline property, and the electron mobility in heteroepitaxial films due to extremely high sticking coefficient (-0.5) of Sbd molecules. To improve the quality of InSb heteroepitaxial layers, the background impurity must be identified and reduced. Howa ever, the fact that extremely high mobilities can be measured at low temperatures suggest that FET-like devices operating at cryogenic temperatures can be con- Measured variation of mobility with net donor density in n-type undoped and Si-doped InSb layers at 300K. The solid line is a best fit to the data using Eqn. 1.
